Abstract. The seven currently recognised New Zealand species in the gastropod genus Diloma Philippi, 1845 are an important component of New Zealand's littoral biodiversity across a range of intertidal habitats. A new cryptic species in this genus (Diloma durvillaea, sp. nov.) is described largely on molecular grounds from exposed coasts of the South Island of New Zealand from Lyttelton south, as well as the Auckland Islands. The shell is very similar to D. arida (Finlay, 1926) , differing subtly in having stronger spiral ribs and less extensive or no yellow spotting. Phylogenetic analysis of the mitochondrial cytochrome c oxidase I (COI) gene shows these two species are sister-taxa and are more distinct from each other (genetic distance 11.5%) than are the morphologically divergent sister-species D. subrostrata (Gray, 1835) and D. aethiops (Gmelin, 1791) (8.2%), also from New Zealand. The new species is found in a novel habitat for the genus, in the holdfasts and on the blades of the bull kelp, Durvillaea antarctica (Cham.) Har. (Phaeophyta), at the low-tide mark on exposed coasts, whereas D. arida occurs higher up on the shore, as well as in more sheltered situations.
Introduction
The seven currently recognised New Zealand species in the gastropod genus Diloma Philippi, 1845 are an important component of New Zealand's littoral biodiversity across a range of intertidal habitats. These snails are often the dominant grazing gastropods on intertidal shores around the New Zealand coast, including its offshore islands. They have been well studied ecologically. Zeldis and Boyden (1979) , for example, investigated behavioural and morphological adaptations for feeding in D. aethiops (Gmelin, 1791) from hard shores in Otago Harbour, southern New Zealand. Miller and Poulin (2001) examined the effects of trematode parasitism on the behaviour of the mudflat-dwelling D. subrostrata (Gray, 1835) , and Donald et al. (2004) reported that several cryptic species of these trematodes infected D. subrostrata and several other species, as well as two species of the related endemic Australian genus Austrocochlea P. Fischer, 1885 .
Diloma has had a chequered taxonomic and nomenclatural history, a consequence of several misidentifications dating from the 19th Century (Finlay 1926; Cernohorsky 1974; Powell 1974; Willan et al. 1980) . Nevertheless, there has been general agreement about the species' limits since Clark's (1958) anatomically based revision, which reduced the number of New Zealand species to seven (although he placed them in several genera). Here we describe a new species of Diloma, the first newly recognised species in this genus from New Zealand since 1851.
This study was initiated following the discovery of what at first appeared to be a novel morphotype of Diloma arida (Finlay 1926) inhabiting bull kelp (Durvillaea antarctica (Cham.) Har.) holdfasts at Kaka Point in south-eastern New Zealand (Fig. 1) . Subsequent surveys of holdfast fauna revealed similar Diloma specimens inhabiting bull kelp at St Clair, Dunedin and in the subantarctic Auckland Islands. Conchological inspection of museum specimens revealed that this morphotype is widespread in south-eastern New Zealand, often, if not always, occurring on the same shores as typical D. arida. Donald et al. (2005a) sequenced the mitochondrial cytochrome c oxidase I (COI) gene of three typical D. arida individuals from three middle-shore sites along the east coast of New Zealand's South Island and reported that all three were genetically similar (divergence <1.0%). Molecular genetic analysis detailed below was then performed to investigate the taxonomic status of the novel morphotype, which clearly proved to be distinct from D. arida.
Methods

Collection of material
Diloma specimens new to this study were collected from three localities, encompassing southern New Zealand and the Auckland Islands. In brief, two locations from the east coast of South Island were sampled (St Clair, Dunedin; Kaka Point, South Otago), along with a single site (Carnley Harbour) in the subantarctic Auckland Islands (Fig. 1) . From each new site, Diloma specimens (10 in total) were obtained from inside the holdfasts of bull kelp (Du. antarctica), a large macroalgal species that dominates the low intertidal zone of exposed southern rocky shores (Morton and Miller 1968) . To facilitate sampling of the encapsulated invertebrates, bull kelp holdfasts were first detached from rocky substrata using an axe (see Smith and Simpson 2002; Thiel 2003) . Additionally, D. arida specimens were collected from exposed rock platforms at and above the mid-intertidal zone at both South Island sites (four specimens in total).
Morphological comparisons
Comparison of specimens identified by DNA (see below) with 117 collection lots historically identified as D. arida at Museum of New Zealand Te Papa Tongarewa (NMNZ) revealed that 11 lots (see below) represent the new taxon and 106 lots are D. arida (~1000 specimens: data available from NMNZ database).
DNA techniques and analysis
DNA was extracted from foot tissue using a 5% chelex solution (Walsh et al. 1991) containing 20 mg proteinase K. We combined the COI data presented by Donald et al. (2005a) with twelve COI haplotypes new to the current study (GenBank accession numbers FJ586351-FJ586362).
Amplification of COI was performed either using primers LCO1490 (Folmer et al. 1994 ) and H7005-mod1 (5 0 -ART GNGCNACNACRTARTANGTRTCRTG-3 0 ; Donald et al. 2005a ) (1107 bp fragment) or with LCO1490 and HCO2198 (Folmer et al. 1994 ) (658 bp fragment). PCR and sequencing were conducted as described in Donald et al. (2005a) . The subsequent phylogenetic analyses of Diloma also incorporated sequences from southern trochid genera Austrocochlea P. Fischer, 1885 , Micrelenchus Finlay, 1926 and Cantharidella Pilsbry, 1889, all specified as outgroups.
The aligned dataset of 34 COI sequences incorporated 997 bp, with no indels detected. A best-fit model of COI sequence evolution (Hasegawa-Kishino-Yano (HKY) + invariable sites (I) + G; base frequencies: A = 0.32, C = 0.20, G = 0.12, T = 0.36; (Finlay, 1926) . TRatio = 12.7; gamma shape parameter = 1.09; invariant sites = 0.61) was selected using ModelTest 3.06 (Posada and Crandall 1998) and PAUP*4.0b10 (Swofford 1998) under the Akaike information criterion and implemented in maximum likelihood (ML) phylogenetic analysis. ML analyses were performed using the full heuristic search option of PAUP, with 10 repeats of random sequence addition. The HKY + I + G model was also implemented in Bayesian phylogenetic analysis using MrBayes 3.0B4 (Huelsenbeck and Ronquist 2001; Altekar et al. 2004 ) ('nst = 2'; rates = 'invgamma'). The Markov-chain Monte-Carlo search was run with four chains for 5 Â 10 6 generations, with trees sampled every 100 generations and the first 5000 trees discarded as 'burn-in' as based on stationarity of log-likelihood (LnL) and other parameters.
Results
Maximum likelihood phylogenetic analysis of Diloma COI sequences yielded a single ML tree (-lnL = 7094.004) ( Fig. 2) and Bayesian analysis produced an almost identical topology (not shown). In keeping with previous analyses (Donald et al. 2005a (Donald et al. , 2005b , the genus Diloma was strongly supported as a monophyletic assemblage. Both ML and Bayesian analyses revealed two deeply divergent, reciprocally monophyletic clades, corresponding to the two apparent forms of D. arida (Fig. 2) , both of which received strong posterior probability values. Moreover, both forms were clearly phylogenetically distinct from all other recognised species of Diloma, with the 'D. arida' clades together placed sister to the New Zealand endemic D. coracina. One of the 'D. arida' clades comprised all rock-dwelling specimens examined, including the D. arida haplotype previously published by Donald et al. (2005a) . All Durvillaea-dwelling individuals, by contrast, were placed in the second clade. This phylogenetic distinction was consistent across a range of geographic sites and hence is not attributable to phylogeographical variation.
Although COI genetic distances within each of these clades were low (D. arida from rocky shores: 0.1-0.9% uncorrected divergence; specimens from bull-kelp holdfasts: 0.2-1.4%), the two clades were highly divergent from one another (11.5%, range 11.0-11.9%). Nevertheless, their combined monophyly was well supported (posterior probability 1.00). It should be noted that this degree of interclade divergence exceeds interspecific comparisons involving other well supported pairs of Diloma sister-taxa ( Fig. 2; (Philippi, 1849) : 9.5%).
Morphological comparison with D. arida revealed several clear shell characters that differed between the clades, which, in combination with the genetic differences, lead us to treat the two clades as separate species. These conchological differences are detailed in the description below.
Taxonomy
We follow the genetically derived classification of Williams et al. (2008) , who placed the Monodontinae as a subfamily within the Trochidae, rather than the traditional morphological treatment of Hickman and McLean (1990) , who considered the Monodontini to be a tribe within the subfamily Trochinae. 
Remarks
The above list of synonyms follows Donald et al. (2005b) , who used mitochondrial and nuclear DNA sequences to examine the phylogeny of several monodontine genera. 
Description
Shell 10-12-mm high and 11-13-mm wide at maturity, younger individuals noticeably flatter (e.g. 8-mm high and 10-mm wide, a ratio of 0.8 compared with >0.9 for adults (Finlay, 1926) in southern New Zealand. Outgroup genera Austrocochlea, Micrelenchus and Cantharidella are removed to improve visualisation of the ingroup. Numbers at nodes represent posterior probability values (>0.95) derived from Bayesian phylogenetic analysis. AUC = Auckland Islands, KAK = Kaka Point, Otago, PUR = Purakaunui, Otago, SCL = St Clair, Dunedin. Codes below labels for D. durvillaea and D. arida are GenBank accession numbers; those for other species can be found in Donald et al. (2005a Donald et al. ( , 2005b .
Distribution
New Zealand (Fig. 1A) , south-eastern South Island from Godley Head southward to Kaka Point and Auckland Islands. Living on the lower shore on exposed coasts, usually on the blades or under and inside the holdfasts of Du. antarctica, or in close proximity to it.
Etymology
Named after the alga with which it is associated in many places.
Remarks
Diloma durvillaea is superficially similar to the sympatric but asyntopic species D. arida ( Figs 1B, 3C, D) but differs in having stronger spiral ribs on the last adult whorl. Diloma durvillaea rarely has the sparse pale yellow spotting found on the last adult whorl of many D. arida individuals. 
Discussion
Here we describe Diloma durvillaea, a morphologically cryptic sister-species to D. arida (Finlay 1926) . The COI sequences of these two species are more distinct than those of the pair D. aethiops and D. subrostrata, which differ in enough conchological and anatomical features to have been classified, until recently (Donald et al. 2005b) , in separate genera. Diloma arida and D. durvillaea, by contrast, are morphologically very similar to each other, with only subtle differences in shell structure and patterning. Nevertheless, these two species are readily distinguished ecologically because they differ significantly in their habitat preferences. Diloma arida is relatively widespread, occurring just above the mid-tide level on rocky shores from sheltered sites to open coasts from as far north as the Bay of Islands and southward to the Chatham Islands and Stewart Island. Diloma durvillaea, on the other hand, occurs at the low tide level, on, under and around the bull kelp, Du. antarctica, and is thus far recorded only from open coasts of the south-eastern South Island and the Auckland Islands. It seems likely that the species also occurs at Stewart Island and The Snares, and maybe even at the Chatham Islands (see below), although we have yet to see specimens from these places. Diloma durvillaea is the latest in a growing number of cryptic trochid species revealed by genetic analysis. Using electrophoretic tools, Parsons and Ward (1994) showed that what Macpherson (1961) called the 'Austrocochlea constricta species complex' consisted of three genetically separate species, which, on closer examination, also proved to be morphologically separable. Similarly, Donald et al. (2005b) found probable cryptic species within the widespread Indo-Pacific taxon Monodonta labio (Linnaeus, 1758), and Heller and Dempster (1991) showed that the previously considered variable species Oxystele variegata (Anton, 1838) in fact consisted of two genetically and subtly morphologically distinct species, O. variegata at lower middle levels on the shore and O. impervia (Menke, 1843) at higher levels.
It is noteworthy that D. durvillaea is yet a further example of apparent speciation and niche specialisation associated with the bull kelp Du. antarctica holdfast community. As neither D. arida nor any other of the New Zealand's seven other endemic Diloma taxa are known to inhabit bull kelp holdfasts (Powell 1979; Donald et al. 2005a) , it is possible that the speciation event leading to this species was associated with occupation of this new ecological niche. It has long been known that Du. antarctica holdfast communities comprise a diverse array of molluscan taxa, both in New Zealand (Morton and Miller 1968) and in the subantarctic (Smith and Simpson 2002) . The current study further emphasises the biological and ecological distinctiveness of this particular community. Similar pairs of holdfast-dwelling versus rock-dwelling sistertaxa have also been hypothesised, for example in the gastropod genus Margarella (Powell 1979 ) and the chiton genus Sypharochiton (Morton and Miller 1968) . We anticipate that future genetic analyses will reveal yet more cryptic taxa that have evolved in association with Du. antarctica.
The shallow genetic distances (minimum 0.3%) we report between Diloma durvillaea haplotypes from mainland New Zealand and the Auckland Islands (which are situated some 300 km south of Stewart Island) suggest recent longdistance dispersal across a substantial stretch of open sea. As Diloma species are characterised by short-lived lecithotrophic larval development, with little potential for long-distance dispersal in the plankton (Hickman 1992; Donald et al. 2005a) , we speculate that such oceanic dispersal may have been facilitated by Du. antarctica rafting (Donald et al. 2005a; Waters 2008) . This kelp represents a highly buoyant, robust and abundant vector for invertebrate dispersal throughout southern cool-temperate seas (Smith 2002; Donald et al. 2005a; Waters 2008) . The presence of Diloma durvillaea on the Chatham Islands would almost certainly be a consequence of rafting because these islands have never been connected by any suitable habitat to mainland New Zealand. The only Diloma species confirmed from the Chatham Islands are D. nigerrima (Gmelin, 1791) , which lives in vast numbers on decaying wracks of Durvillaea and also probably arrived there by rafting (Donald et al. 2005a) , and D. arida, whose presence is, perhaps, a little surprising.
